The adhesion between aggregate and asphalt binder in dry conditions, and the amount of its reduction in wet conditions are amongst fundamental indicators that moisture sensitivity amount of asphalt mixtures is dependent to. Among different methods to increase adhesion, modification of aggregates surface with anti-stripping materials is known as an effective method. Therefore, the effect of covering aggregates surface with micronized calcium carbonate as a proper and inexpensive anti-stripping material was investigated.
Introduction
There are two types of pavements based on design considerations i.e. flexible pavement and rigid pavement. Difference between flexible and rigid pavements is based on the manner in which the loads are distributed to the subgrade [1] . Flexible Pavements are sensitive to water ingress, which degrades the adhesion between bitumen and aggregates and subsequently causes failure [2] . The flexible paving industry is constantly seeking solutions to increase construction efficiency, improve pavement performance, conserve resources and advance environmental stewardship [3] .
Moisture damage is regarded as a key effective factor to durability of asphalt pavements. Due to the presence of moisture in the structure of pavement and its destructive effects on adhesion between asphalt binder-aggregate and mastic cohesion, this damage leads to the reduction of mechanical properties of asphalt mixture [4, 5] .
Moisture damage in asphalt mixtures has been studied for over 70 years, but a variety of its aspects have remained unknown so far. Two main questions are proposed in this regard:
1. What are the methods that can reduce moisture damages? 2. What are the methods and conditions that can exactly predict damages induced by moisture? In order to answer the first question, initially we should know how moisture reduces mechanical properties of the mixture so that a proper solution to reduce moisture damages can be presented. So far, 3 mechanisms have been determined that generally led to the reduction of mechanical properties of asphalt mixtures [6] .
1. Stripping: losing adhesion 2. Softening: losing cohesion 3. Destruction of aggregates Moisture makes its way into pavement structure in various methods. Therefore, mentioned mechanisms may occur as the result of different processes such as thermodynamic, physical, chemical, and mechanical processes. These processes can occur in different ways such as detachment, displacement, dispersion of mastic, desorption of mastic, spontaneous emulsification, and film rupture or micro cracks in asphalt mixture [7] .
According to the previous studies [8, 9] , losing adhesion between asphalt binder and aggregate has been known as the most common type of the mechanisms. This shows that "adhesion" problem is of paramount importance in increasing the strength of asphalt mixtures. Therefore, using any method which firstly avoids from penetration of moisture into the asphalt binder-aggregate interface regions and secondly, increases the adhesion between asphalt binder and aggregate can be useful in reducing moisture damage. Accordingly, some of the effective measures are presented as follows [10] :
1. Modifying physicochemical properties of asphalt mixture and its constituting components (asphalt binder and aggregate), of course by considering economic issues 2. Using methods such as surface sealing and proper drainage to prevent water penetration and rapid discharge of waters penetrated into asphalt mixture 3. Using proper controls at the time of implementation, such as time, temperature, aggregates' moisture control and avoid being exposed to wind and rain, and etc. 4. Proper selection and use of suitable anti-stripping additives in order to increase the interaction of asphalt binder-aggregate with each other (increasing cohesion). 5. Removing materials sensitive to stripping and replacing them with proper materials which is a costly method. 6. Control the characteristics of waters that asphalt mixture is exposed to (in terms of salt percentage and pH value), and etc. Among these measures, using anti-stripping materials is known as the most common and effective method to control moisture damage [11] . The main aim of using anti stripping materials in mixes is the improvement of adhesive bonds between asphalt binder and aggregate.
Generally, there are 2 comprehensive approaches to use anti-stripping materials for improving adhesion and reducing moisture sensitivity of asphalt mixtures: the first approach is covering the surface of aggregates with a proper anti-stripping material, and the second approach is strengthening adhesive and cohesive properties of asphalt binder using liquid anti-stripping additives [12] . Besides their advantages, these additives have some disadvantages such as increasing sensitivity to other damages such as rutting [13] . Therefore, using a proper additive with minimum technical and executive problems is considered to be essential. Accordingly, in order to modify the surface of aggregates to increase the adhesion between asphalt binder and aggregate, an anti-stripping material with strong base (Alkali) properties and suitable price was used in the current research, and its effects were evaluated in dry and wet conditions via different methods.
To answer the second question, it can be said that a variety of tests has been developed over years in order to evaluate the effect of anti-stripping additives on moisture sensitivity of asphalt mixtures. The common methods to evaluate moisture sensitivity of asphalt mixtures are based on mechanical tests which are performed on compacted and loose materials. In these tests (e.g., modified Lottman test), the mixtures strength is evaluated generally and materials properties and their role in moisture sensitivity are not measured separately. To put it differently, though these methods evaluate moisture sensitivity of mixtures in terms of mechanical properties, they are incapable of representing physicochemical properties related to adhesion and debonding mechanisms, in a way that to measure moisture sensitivity of mixtures only a mechanical ratio (modulus, tensile strength) when the mixture is conditioned and is not conditioned-is used in this method [5] . Therefore, in order to select high-strength materials, it is essential to correctly determine their properties so that their moisture damages can be predicted and by changing negative properties of materials their sensitivity to moisture can be reduced. Accordingly, the need to a simple and repeatable method capable of conducting the multi-purpose evaluation of asphalt pavement performance in the presence of moisture is feeling. Recently, researchers use new approaches such as surface free energy (cohesion and adhesion energy) [14] . These methods overcome the shortcomings of the common tests, because moisture damage mechanism and the effect of various factors such as the properties of asphalt binder, aggregate and additives on moisture damage can be determined using them. Therefore, in this way the possibility of these damages can be predicted and proper solutions to reduce moisture damage at the time of mixing design can be presented.
Problem statement and the necessity to conduct research
Considering the importance of the effect of adhesion on moisture damages and reduction of pavement service life, the use of preventive methods such as anti-stripping materials which not only increase mixture performance, but also are economical, is of paramount importance. Additionally, given the previous studies, in order to have a clear image of causes of this damage, micro mechanism evaluation of the effect of materials modification is important besides mechanical evaluations. Therefore, due to the positive performance of micronized calcium carbonate in nano scale in the previous research [15] , in the current research attempts have been made to use this additive to modify the surface of lime, granite and quartzite aggregates and evaluate it via various methods. This material is abundant in the nature and has less production and implementation costs compared to production of nano-particles and hydrated lime. Therefore, it is economical, and it can be a suitable alternative to nano-particles of calcium carbonate or hydrated lime if it has an acceptable performance.
The most important objectives of the current research include:
• Measuring surface free energy components of unmodified and modified samples using calcium carbonate powder.
• Identifying the effect of aggregates modification on increasing adhesion energy and reducing debonding energy.
• Investigating the effect of the modification of aggregates surface on moisture sensitivity of asphalt mixtures using mechanical methods.
• Investigating the effect of asphalt binder type on the moisture sensitivity amount of asphalt mixtures made by unmodified and modified aggregates.
• Comparing the results of mechanical and thermodynamic methods in identifying moisture sensitivity of asphalt mixtures.
Surface free energy
Thermodynamically, the surface free energy of an object is defined as the amount of required work or energy to create a new unit surface to the surface of the same material in vacuum conditions. The work of adhesion (W a ) is a common term usually used in the literature of thermodynamic adhesion theory. Work of adhesion is defined as the required work for detaching 2 connected materials (asphalt binder and aggregate) from each other [16] . Gibbs free energy and work of adhesion are equal and the Equation (1) exists between them.
Among presented theories to calculate surface free energy of materials, the best known theory is Vanoss-chaudry-good (VOCG) theory [17] . According to this theory free energy of each material is divided into 3 components:
1. Non-polar component or Liftshtiz-van der Waals (LW) component or dispersive component, 2. Lewis acid component, and 3. Lewis base component. According to this theory, the total surface free energy of all materials is obtained by the Equation (2): 
The cohesion force of asphalt binder is the amount of required energy to create 2 surfaces of a material (here asphalt binder). The asphalt binder cohesion can be calculated using the Rquation (4) and by substituting its surface free energy components [19] . Obviously, the work of cohesion of the asphalt binder (or failure energy) is twice the asphalt binder surface free energy. 
The adhesion free energy of asphalt binder-aggregate in the presence of water is called debonding energy or work. Its amount can be calculated using the Equation (5):
where, Γ sw is the interfacial energy between aggregate and water Γ bw is the interfacial energy between asphalt binder and water Γ bs is the interfacial energy between asphalt binder and aggregate.
The interfacial energy of 2 materials I and j can be calculated using surface free energy components and Eq. (6) [18] : By integrating Equations (5) and (6) Eq. (7) is obtained; using this equation the work or energy of adhesion in the presence of water is calculated [6] : 
The values are important parameters which are used to evaluate moisture damage.
Bhasin et al. [20] presented a parameter called energy parameter to evaluate moisture damage using thermodynamic theories which is defined as Equation (8):
where, W sb a is the adhesive bond between asphalt binder and aggregate ER is the energy parameter or compatibility ratio, W bsw wet is the released energy in the presence of moisture or the work of debonding or adhesion free energy in the presence of water High values of ER indicate less released energy or work of debonding in the presence of water, greater adhesion between asphalt binder and aggregate and consequently high moisture strength.
Materials 3.1 Aggregate
Three types of aggregates including lime stone, granite, and quartzite were used in the current research. The main reason for using these aggregates was their different degrees of hydrophilicity. Using them, the effect of type of aggregates with different minerals and diverse sensitivities to moisture damage was evaluated.
Considering chemical properties of minerals constituting aggregates shown in Table 1 , lime aggregates are hydrophobic aggregates and quartzite and granite aggregates are hydrophilic.
The grading used in this research is in the middle of the continuous gradation curves of ASTM standard hot mix asphalt. 
Asphalt binder
Moisture damage usually occurs due to heavy traffic in cold and rainy regions in which asphalt binders with medium penetration degrees (60-70 and 85-100) are used. Accordingly, the mentioned asphalt binders from Pasargad Oil Company were prepared. These asphalt binder's properties are presented in Table 2 .
Calcium carbonate
Due to its base properties and its fair price, micronized calcium carbonate powder (CaCO 3 ) is used to modify aggregates surface. Powder used in this research was supplied by Poudrsazan Azadi Company. The chemical properties of powder are shown in Table 3 .
Laboratory program
Tests were performed via 2 general processes in this research: 1. A process to evaluate mixes by thermodynamic method 2. A process to perform modified Lottman mechanical test. The experimental flowchart of this study is shown in Fig 1. 
Mix design
In order to determine the optimum asphalt binder contents, Marshall mix design based on ASTM D1559 standard [21] was used in this research. It should be noted that it is supposed the modification of aggregates make no difference in the optimum asphalt binder content of unmodified and modified samples, because using different percentages of asphalt binder increases the possibility of error occurrence in the analysis of results. Thus mix design test was performed only for 6 main compounds (2 asphalt binder types and 3 aggregate types), and asphalt binder percentages obtained for modified aggregates were used as well.
Modification of aggregate surface
In order to cover aggregates surface with calcium carbonate, first, calcium carbonate slurry should be prepared. Accordingly, first, 5 units of micronized calcium carbonate powder crushed in a mill is added to 100 units of water (this amount obtained experimentally in laboratory). Then this mixture is stirred using a hydrometric mixer with a speed of 200 rpm for 4 minutes. When calcium carbonate particles were distributed homogeneously in the water space, the aggregates are added to the mixture. The . 2 The method of conditioning and loading specimens in the modified Lottman test [22] obtained mixture is stirred for 2 minutes with a speed of 30 rpm until the entire surface of the aggregates is covered by slurry. At the next stage, the wet aggregates, on them the slurry coverage has been formed, are distributed on the surface of the steel mesh vessel. After 2 hours, the aggregates are placed into the oven for 24 h at 110 Cº, so that the moisture in them can be completely evaporated. The mass percentage of the absorbed calcium carbonate particles can be measured after drying. Table 4 shows the adsorbed percentages of mass of calcium carbonate particles relative to the mass of total aggregates. As shown, the percentage of the absorbed calcium carbonate by lime stone aggregates is higher. This was expected, because lime stone aggregates have a more porous structure compared to granite and quartzite aggregates. The percentage of the absorbed particles is subtracted from the percentage of the filler which is going to be used. In fact, the absorbed calcium carbonate particles were regarded as a part of filler.
Modified Lottman test (AASHTO T283)
AAHTO T283 test is the most common laboratory test to evaluate moisture damage of asphalt mixtures. In this test, a horizontal cylindrical sample is placed under vertical loading. This loading leads to tension stress along with its diameter and thus cracking and failure of the sample. In order to perform this test, 6 samples are needed for each compound. Three samples are placed under wet conditions and 3 samples are remained under dry conditions. According to Fig. 2 , in order to condition mixtures, after producing compacted samples with an air percentage of 6.5-7.5 %, 3, samples of each compound are saturated under relative vacuum conditions with a saturation percentage of 55-80 %. Saturated samples are placed into plastic bags and 10 ml water is added to them. Samples are kept into freezer at -18 Cº for 16 h. then they are put into hot water bath at 60 Cº, plastics are removed and samples are allowed to remain at this temperature for 24 h. In the following, samples are placed in the room temperature (25 Cº) for 2 h. These samples are called wet samples.
After these stages, wet and dry samples are put under indirect tensile strength test. In the indirect tensile strength test, loading is performed with a rate of 5.08 cm/min until failure occurs. The load amount at failure moment is recorded and finally indirect tensile strength for all 6 samples is obtained using Eq. (9) .
where, ITS is the amount of indirect tensile strength (kpa), F is the amount of force at failure moment (fracture load) (N), t is the thickness of asphalt sample (mm), and d is the sample diameter (mm).
The mean of tensile strength of dry samples (3 samples) and wet samples (3 samples) are calculated separately. Moisture sensitivity or stripping potential of asphalt mixture with the mean of indirect tensile strength of wet samples to dry samples ratio in % is obtained as Equation (10):
where, TSR is the indirect tensile strength ratio (%), ITS wet is the mean of indirect tensile strength of wet samples (kpa), ITS dry is the mean of indirect tensile strength of dry samples (kpa).
Calculating surface free energy components
In order to measure surface free energy components of aggregate and asphalt binder Universal sorption device (USD) and Wilhelmy Plate (WP) were used, respectively.
Measuring surface free energy components of aggregates
It is rarely possible to directly measure surface free energy components of a solid object. The more efficient method is determining solid object components by measuring the work of adhesion between the solid object and materials whose surface free energy components are known. These materials that help determine solid object's surface free energy components are called probe liquids.
The work of adhesion between aggregate and probe liquids vapor for high-surface free energy materials such as aggregates can be determined by adsorption isotherm.
An adsorption isotherm is a relationship between liquid pressure and the absorbed vapor mass on the solid surface. Using USD, equilibrium spreading pressure (π e ) of probe liquids vapor on the aggregates surface can be calculated and by substituting them in Eq. (11)
where, W sv a is the work of adhesion between aggregate and the vapor of liquids under testing, G v total is the total surface free energy of liquids under testing, π e is the equilibrium spreading pressure of liquid vapor on the solid surface which is obtained by the Equation (12) p e Pn RT MA n p dp = ∫ 0 (12) where R is the universal gas constant (8.314 J/Kmol), T is the test temperature (Kelvin), M is the molecular mass of tested liquid vapor, N is the mass of the absorbed vapor per unit aggregate mass in vapor pressure p, A is the Specific surface area of aggregate which is calculated using Branauer, Emmett, and Teller (BET) classic relation based on Equations (13)
Where N 0 is the Avogadro's number, α is the imaged surface of a molecule, n m is the monolyer capacity which is equal to the number of required molecules to cover aggregate surface in a layer; it is obtained by Equation (14):
Where S, I are the slope and intercept of the graph of the relationship between P/n(P n -P) and P/ P n , P is the partial vapor pressure, P n is the saturated vapor pressure, n is the mass of the absorbed vapor to the mass of the aggregate.
Measuring surface free energy components of asphalt binder
Wilhelmy Plate method is to measure the contact angle between asphalt binder and a liquid. According to the Fig. 3 , this method is performed based on the equilibrium of Kinetic forces of a very thin plate which is being emerged or withdrawn from a liquid under a constant and very low speed. When the plate is suspended in the air, the required force to hold it in equilibrium state is calculated from Equation (14):
Where, F is the required force to hold stable the plate, W plate is the weight of the glass plate, W asphalt is the asphalt binder weight, V is the volume of the asphalt plate, ρ air is the specific weight of the air, and g is local acceleration of gravity.
When the plate that coated with asphalt film immersed in a fluid, Equation (14) is converted to Equation (15):
Where, P t is the periphery of the asphalt coated plate, Γ l is total surface free energy of the liquid, θ is the dynamic contact angle between asphalt binder and test liquid, V im is the volume of the immerged part of the plate coverd with asphalt binder; V is total volume of asphalt binder plate and ρ l is the specific weight of the liquid By subtracting Equation (15) 
By rewriting the Equation (16), the contact angle is obtained using parameters of the right side of the equation which are calculated when the test is performed [23] .
Based on Young-Dupre equation, Vanoss et al. [24] expressed the equation between contact angle and surface free energy components as Equation (18):
Where Γ Γ Γ 
 Calculating the work of adhesion for each liquid solvent by use of(πe)and putting it on the below equation to creating 3 equation  The details of SFE components of aggregates and asphalt binders are presented in the Fig. 4 .
Specifications of the probe liquids used in this research are can be seen in the Table 5 .
Evaluation of moisture damage using SFE method
As observed, in order to evaluate moisture damage using surface free energy theory, a set of tests and theoretical equations are used. Therefore, in order to simply understand this theory-laboratory method, a summary of the process of calculating surface free energy of materials and finally moisture damage evaluation is presented as a flowchart.
Results and discussion

Mix design results
Results obtained by Marshal mix design tests for 6 unmodified compounds can be seen in the Fig. 5 .
As shown in the Fig. 5 , the optimum asphalt binder content (%) for lime aggregate is more than granite and quartzite aggregates. This is due to the more porosity of the limestone aggregates and more absorption of this type of aggregates relative to granite and quartzite aggregates. In addition, it can be observed that the optimum asphalt binder content for asphalt binders with less penetration grade (60-70) is greater.
The reason is that the higher viscosity, the less ability to penetrate into aggregates pores and consequently a greater amount of asphalt binder is needed to well cover the aggregates surface.
Moisture sensitivity test results
Considering the Figs. 6-7, TSR of samples decreased by increasing freeze-thaw cycles. Samples made by asphalt binder 60-70 showed a better performance compared to those made by asphalt binder 85-100. In addition, it is observed that the use of anti-stripping micronized calcium carbonate additive led to the improvement of the strength of modified asphalt mixtures in all samples compared to control samples. For both types of asphalt binders, the values of TSR for unmodified and modified lime aggregates are greater. In the other words, lime aggregates showed maximum resistance to moisture damage, while quartzite aggregates have the minimum resistance to moisture damage. This result was obtained in the previous research as well [25, 12] .
From the results of TSR test, it is found that the modification of the surface of all aggregates in wet conditions has positive effect. This increase in the TSR can be due to the improvement of adhesion amount in the modified samples. As calcium carbonate particles have base properties, it has been able to increase the amount of adhesion between asphalt binder and aggregates, especially for quartzite acidic aggregates, in a way that in the samples made by asphalt binder 60-70 and in 5 freeze-thaw cycles TSR undergoes change by 26.10 % and 25% in asphalt binder 58-100. 
Results of free energy tests 5.3.1 Measuring surface free energy of bitumen using Wilhelmy Plate
Asphalt binder is a single-phase, homogeneous mixture of polar and non-polar molecules, including asphaltenes and maltenes. These materials themselves include aromatics, resins and paraffin. Most of the molecules constituting asphalt binder have acidic and non-polar properties. The asphalt binder polar compound's interactions determine its structure and mechanical properties, in a way that non-polar molecules act as a solvent to put polar molecules (asphaltenes) besides each other. Therefore, asphalt binder is known as a material with acidic properties capable of having a proper reactivity with particles which have basic properties, and creates an acceptable adhesion. Therefore it can be expected that acidic components will be greater than basic components, in addition, non-polar components of asphalt binders will be greater than their polar components.
Results presented in Table 6 for asphalt binders used in this research approve the mentioned matters. Table 7 shows the results of measuring surface free energy components of aggregates. Results show that the modification of aggregates surface has led to the reduction and increase of acid and basic components of all 3 types of aggregates, respectively. As asphalt binder is known as an acid material, these changes lead to the better adhesion between asphalt binder and aggregates, especially for acidic aggregates.
Measuring surface free energy components of aggregates
In addition, results indicate that the modified aggregates have less polar components compared to unmodified samples. According to the previous research, the polarity amount of aggregates indicates the existence of a high percentage of silicone dioxide mineral in them [26] , the values presented in Table 1 confirms this. Therefore, the reduction of aggregates polarity leads to the reduction of hydrophilicity and increase of adhesion with asphalt binder which is a non-polar material. Accordingly, calcium carbonate affects at most lime aggregates and then granite and quartzite aggregates and can reduce 16.58, 10.33, and 8.43 % of polar components of lime, granite and quartzite aggregates, respectively.
Results of Table 7 show that modification of the aggregates surface has caused an increase in non-polar component in lime and granite aggregates, this leads to the increase of aggregates adhesion with asphalt binder (which is a non-polar material) by creating covalent bonds. On the other hand, increasing non-polar properties which is equal to the reduction of polar properties leads to the reduction of aggregates tendency to be adhered and wetted by water.
Finally, it is observed that the use of calcium carbonate coating on the aggregates surface causes a reduction in the total surface free energy of the aggregates. This change leads to the increase of wettability of aggregates. The reduction values of total surface free energy were higher for lime and granite aggregates, respectively, but its effect on quartzite aggregates was less.
Adhesion free energy
Adhesion free energy is one of the important parameters in determination of adhesive strength of asphalt mixtures. Adhesion free energy is defined as the required amount of energy to debond asphalt binder film from unit surface area of aggregate [27] ; the greater amount of this energy means the high resistance of the mix to stripping.
After measuring surface free energy components of asphalt binder and aggregate and having surface free energy components of water which are presented in Tables 5-7, respectively, the asphalt binder-aggregate, water-asphalt binder, and water-aggregate adhesion can be calculated using Equation (3) . It should be noted that as water-asphalt binder and water-aggregate adhesion are created after stripping occurred, these parameters are not considered as parameters affecting moisture damage occurrence and in the following only adhesion free energy of asphalt binder-aggregate and adhesion free energy in the presence of water are investigated.
Given calculated values in Table 8 it is observed that the adhesion energy between asphalt binder and quartzite aggregates is lower compared to granite and lime aggregates; this can be due to acidic properties of quartzite aggregates.
In lime aggregates, calcium carbonate coating has increased adhesion energy amounts in mixes made by 2 types of asphalt binder 60-70 and 85-100, but it had no effect on increasing adhesion energy of granite and quartzite aggregates in mixes made by both types of asphalt binders, but in dry condition it has slightly reduced the adhesion between asphalt binder and granite aggregates.
Comparing values related to 2 types of used asphalt binders it can be found that the asphalt binder type had no effect on increasing adhesion free energy of mixes, in the other words, the percentage of adhesion changes for both types of asphalt binders is similar.
Debonding energy parameter is one of the other important cases to be considered for evaluation of moisture damage of asphalt mixes. This parameter is equal to the adhesion energy between asphalt binder and aggregates in the presence of water. Its values can be calculated using adhesion free energy components of asphalt binder, aggregate and water and Equation (7) . Calculations show that debonding energy in the presence of water is negative. This means that all asphalt mixes will undergo stripping in the presence of water but the severity and speed of this phenomenon is different in them. The more negative debonding energy indicates that the amount of released energy from asphalt binder and aggregate mix reaction in the presence of water (stripping) has been grater and the mixture is more sensitive to moisture damage. In the other words, when water enters into asphalt binder and aggregate system, the mixture becomes instable and in order to reach a stable state it should release energy. Therefore, the process of debonding aggregate and asphalt binder in the presence of water is spontaneous. It should be noted that for the sake of results analysis simplicity, the absolute value of debonding energy is considered in this research.
Considering results of Table 8 , it is observed that the absolute value of debonding energy is greater for unmodified compounds. This shows the higher potential of these compounds to moisture sensitivity. In addition, it can be observed that debonding energy of lime aggregates is less than the other 2 types of aggregates. Of course, this was expected due to the hydrophobicity property of lime aggregates.
Using the hydrophobic coating of calcium carbonate caused a reduction in debonding energy in all samples. The most amount of changes occurred in samples made by lime aggregates, asphalt binder 85-100, and asphalt binder 60-70, respectively, then granite and quartzite aggregates.
Additionally, it is observed that the asphalt binder type was not an important parameter in the amount of debonding energy for asphalt mixtures used in this research, in a way that no significant differences in debonding energy of unmodified and modified samples were not seen for samples made by 2 types of asphalt binders (e.g., the modification of aggregates for lime aggregates and asphalt binder 60-70 caused a change in debonding energy by 3.2% and this difference for lime samples and asphalt binder 85-100 was 3.3%). But, considering the results, it can be found that samples made by asphalt binder 60-70 has less debonding energy compared to samples made by asphalt binder 85-100, showing that damage potential of samples made by asphalt binder 60-70 is less than samples made by asphalt binder 85-100. 
Energy parameters
Bhasin et al. [20] presented ratios to evaluate moisture damage. One of them is energy ratio (compatibility ratio) ERI (Energy Rating Index) which is equal to the absolute value of adhesion work to debonding work ratio. The high values of this ratio show higher resistance of the mixture to moisture damage. In the Fig. 8 , ERI values of the obtained results are shown. Considering the Fig. 8 it is found that the values of energy ratio for lime aggregates are higher and granite aggregates and quartzite aggregates stand in the next places. The modification of aggregate surface led to the improvement of this ratio in all samples.
Samples made by asphalt binder 60-70 have greater values compared to samples made by asphalt binder 85-100.
All the mentioned matters are in agreement with results of the modified Lottman mechanical test.
Conclusions
This research was conducted with the aim to evaluate the effect of using micronized calcium carbonate to cover and modify aggregates surface on the reduction of moisture damage of asphalt mixes. Accordingly, 2 different mechanical and thermodynamic methods were used to evaluate mixes, so that not only moisture sensitivity of the unmodified and modified mixtures can be investigated, but also damage mechanism and the effect of the mentioned additive can be evaluated. The most important results obtained are presented in the following section:
1. The modification of the aggregates surface with micronized powder of calcium carbonate leads to the increase of TSR values and ITS of samples in wet condition, in a way that ITS and TSR values for samples made by asphalt binder 60-70 are greater than samples made by asphalt binder 85-100. Therefore, The increased non-polar aggregates via creating covalent bonds, leads to the increase of aggregate-asphalt binder adhesion (which is a non-polar material). 5. Using calcium carbonate coating on the lime aggregates has increased asphalt binder-aggregate adhesion in mixes made by 2 types of asphalt binder 60-70 and 85-100. But, in granite and quartzite aggregates it had no effect on increasing adhesion energy between aggregate-asphalt binder for mixes made by both types of asphalt binders and it has slightly decreased the amount of adhesion for granite aggregates in dry condition. 6. Comparing adhesion energy values related to both types of asphalt binders it can be found that the asphalt binder type had no effect on increasing adhesion free energy of mixtures. In the other words, the percentage of adhesion changes of modified and unmodified aggregate-asphalt binder for both types of asphalt binders is similar. 7. Using hydrophobic coating of calcium carbonate has caused a reduction in debonding energy of samples. 
